Adolescence is marked by the development of personal identity and is associated with structural and functional changes in brain regions associated with Self processing. Yet, little is known about the neural correlates of self-reference processing and self-reference effect in adolescents. This fMRI study consists in a self-reference paradigm followed by a recognition test proposed to 30 healthy adolescents aged 13-18 years old. Results showed that the rostral anterior cingulate cortex is specifically involved in self-reference processing and that this specialization develops gradually from 13 to 18 years old. The self-reference effectis associated with increased brain activation changes during encoding, suggesting that the beneficial effect of Self on memory may occur at encoding of self-referential information, rather than at retrieval.
Neural correlates of Self and its interaction with memory in healthy adolescents.
Self-reference processing refers to the ability to distinguish self-relevant from nonself-relevant information and is proposed to be at the core of the Self (Northoff et al., 2006) .
The concept of Self can be defined as a set of personal complex and multidimensional mental representations about ourselves and the associated flow of self-consciousness (Duval et al., 2009 ). In the memory domain, the Self is represented by one's episodic memories and personal semantic knowledge which are at the core of one's identity (Conway &Pleydell-Pearce, 2000; Conway, 2005) . Cerebral substrates of the self-reference processing have been largely investigated in adults using "self-reference" tasks in which participants evaluate whether personal attributes are self-descriptive. Much evidence indicates that self-reference processing in adults recruits cortical midline structures (CMS), including medial prefrontal cortex (mPFC), adjacent rostral anterior cingulate cortex (ACC), precuneus and posterior cingulate cortex (PCC) (Johnson et al., 2002; Northoff &Bermpohl, 2004; Northoff et al., 2011 Northoff et al., , 2006 van der Meer et al., 2010) . However, it has been demonstrated that self-reference processing and appraisal of Others share a common network of CMS regions (Araujo et al., 2013; Benoit et al., 2010; . The mPFC and the PCC were found to be recruited during both self-reference processing and appraisal of Others, while the rostral ACC has been specifically involved in self-reference processing (Araujo et al., 2013; Murray et al., 2012; Qin et al., 2012) .
According to the Self-Memory System, the Self and autobiographical memory share a constant reciprocal interaction (Conway &Pleydell-Pearce, 2000; Conway, 2005 , Conway et al., 2004 . Autobiographical memories are important in shaping the Self and in providing a sense of continuity over time (Conway &Pleydell-Pearce, 2000; Conway, 2005) . In turn, the Self modulates construction and access to autobiographical memories, both at encoding and at retrieval, and matches memory consistency with one's current goals and beliefs (self-coherence, Conway et al., 2004) . The relation between Self and memory is reflected in the self-reference effect, whereby memory benefits from self-referential information (Roger et al., 1977;  for review see Klein, 2012) and has been confirmed by numerous studies Kelley et al., 2002; Serbun et al., 2011; Symons &Johnson, 1997; Turk et al., 2008) . Neuroimaging studies examining the self-reference effect in adults consistently showed that mPFC activity predicts subsequent memory performances of selfreferential items (Fossati et al., 2003; Gutchess et al., 2010; Macrae et al., 2004; Philippi et al., 2012; Zhu et al., 2012) . Neuroimaging studies on the self-reference effect during retrieval showedmPFC activation associated with the successful retrieval of self-encoded information (Benoit et al., 2010; Fossati et al., 2004; Morel et al., 2014) . Fossati et al. (2004) suggested that the self-reference effect involves both commun and different brain regions at encoding and retrieval. Morel et al. (2014) examined the relative contribution of encoding and retrieval processes tothe self-reference effectin young adults and showed that this effectis associated with brain changes at encoding only, including greater activity in the ventral mPFC and hippocampus. They proposed that the reactivation of self-related memories during the encoding of self-referential information may promote successful retrieval.
Adolescence is core period of life for the development of a cohesive sense of Self and for shaping one's personal identity (for review, Pfeifer &Peake, 2012; Sebastian et al., 2008) .
Autobiographical memories pertaining to adolescence are crucial for the construction of identity which makes this period rich in "self-defining" experiences (Conway, 2005) . From a neurodevelopmental point of view, self-development during adolescence might be associated with structural and functional changes in regions important for the Self, specifically the mPFC (Blakemore, 2012 (Blakemore, , 2008 Casey et al., 2005 Casey et al., , 2000 Mills, Lalonde et al., 2014; Pfeifer &Blakemore, 2012; Pfeifer &Peake, 2012; Sebastian et al., 2008) . Longitudinal structural neuroimaging studies show that the mPFC is one of the latest developing regions (Mills, Goddings et al., 2014; Mills, Lalonde et al., 2014; Tamnes et al., 2013) . Developmental fMRI studies on metalizing (including self-reference processing studies described below) showed that mPFC activity increases between childhood and adolescence, followed by a decrease between adolescence and adulthood (Blakemore, 2012 (Blakemore, , 2008 .
Only a few neuroimaging studies have examined brain substrates of self-reference processing in typically developing adolescents. Results confirmed the central role of the mPFC, including the rostral ACC, during self-reference processing in adolescents (Jankowski et al., 2014; Pfeifer, Kahn, et al., 2013; Pfeifer et al., 2009; Schneider et al., 2012) . Furthermore, the longitudinal study by Pfeifer, Kahn, et al. (2013) in the same adolescents at 10 and 13 years old showed that hyperactivation of ventral mPFC during self-reference processing increased between 10 and 13 years, compared to appraisal of a fictional other (i.e., Harry Potter). Although the proposal that neurodevelopmental changes in the mPFC through adolescence might be related to self-development (Sebastian et al., 2008) , no study has yet evaluated if increase in mPFC activity during self-reference processing continues in adolescents older than 13.
Behavioural studies on the self-reference effect in childhood suggested that this effect emerges around4 years old (Cunningham et al., 2013; Halpin et al., 1984) and then increases from middle to late childhood in line with the self-concept development (Halpin et al., 1984; Ray et al., 2009 ).Only one neuroimaging study examinedthe self-reference effect during childhood (Ray et al., 2009) and found that memory for self-referentially encoded trait words increasedfrom ages 7 to 13. Moreover, they observed that the self-reference effect correlated positively with activations in rostral ACC. However, brain activity was recorded during the encoding phase only. Hence, no study has yet examined brain regions underlying the selfreference effectat retrieval in adolescents. Moreover, whereas adolescence is a core period for self-development, no study has examined the self-reference effect development in adolescents older than 13.
Here, we examined the neural correlates of self-reference processing and selfreference effect at encoding and retrieval using fMRI in a group of healthy adolescents. The first aim of our study was to investigate common and specific brain regions involved in appraisal of Self (self-reference processing) and Others. Based on results of previous studies on self-reference processing, we hypothesized that appraisal of Self and Others would recruit a common network of CMS regions, but that ACC would be more specifically recruited during self-reference processing than appraisal of Others. Moreover, according to results by Pfeifer, Kahn, et al. (2013) in adolescents younger than 13 years old, we hypothesized that hyperactivation of ventral mPFC, including the rostral ACC, during self-reference processing compared to appraisal of Others would continue to increase through adolescence. The second aim of our study was to examine the self-reference effect and its neural correlates during encoding and recognition to determine at which phase (i.e., encoding or retrieval) the Self may have a beneficial effect on memory. Based on previous behavioural findings in children (Cunningham et al., 2013) and in adults (Serbun et al., 2011) , we hypothesized that selfreferencing would enhance recognition and source memory performances in adolescents.
Because, on one hand, the self-reference effectis proposed to increasewith the self-concept development during childhood (Halpin et al., 1984; Ray et al., 2009 ) and, on the other hand,adolescence is a core period for self-development (Pfeifer &Blakemore, 2012; Pfeifer &Peake, 2012; Sebastian et al., 2008) ,we hypothesized that the self-reference effectwould continue to increase through adolescence. According to the study of Morel et al. (2014) in adults, we hypothesized that Self would have a beneficial effect on memory during the encoding of Self-referential information, but not at retrieval. Finally, we expected to find functional brain changes in regions involved in theself-reference effect through adolescence.
Method

Participants
Thirty typically developing Caucasian adolescents (15 females; WISC-IV (Wechsler, 2005) : Perceptual Reasoning Index = 108.3 ± 3.3; Verbal Comprehension Index = 112.7 ± 3.3) aged 13 to 18 years old (mean age = 15.92 ± 1.66 years) were recruited from several junior high schools in Caen (Normandy, France) between April 2011 and January 2013. All were right handed and were French native speakers. None of them reported any prior or current neurological or psychiatric disorders, learning disabilities, head trauma, psychoactive medication, and MRI contraindications. Families were given a comprehensive description of the research. We obtained written informed consent from adolescents and their parents, in line with the guidelines of the relevant ethics committees. The study was approved by the Regional Ethics Committee (CPP Nord Ouest III).
fMRI task and procedure
In the scanner, participants performed an event-related self-reference paradigm. They were instructed to indicate whether or not trait adjectives i) characterized themselves ("Self" condition), ii) characterized two well-known French celebrities, Johnny Hallyday(French singer and actor) in the first run and Nicolas Sarkozy (French politician, former president of France) in the second run ("Other" condition) or iii) whether adjectives were positive or not ("Semantic" condition). The use of two celebrities, one political figure and one artist, permitted us to study the judgement of a famous person in general and not oriented to one specific figure, i.e. precluding any preferential judgement in favour of one or the other. We verified, in a prior interview, if participants had any personal affinity with either celebrity, which was not the case.
The present paradigm was adapted from a study on self-reference processing and selfreference effect in adults (Morel et al., 2014) . Principal changes concerned the celebrity used for the Other condition (Nicolas Sarkozy instead of Jacques Chirac, an older president which adolescents may not know) and trait adjectives which were adapted to adolescent vocabulary.
Trait adjectives (total = 206) were selected from a pool of 463 personality trait adjectives issued from a French language dictionary. This selection of adjectives was based on their familiarity and valence ratings obtained from a preliminary experiment on 114 adolescents aged 12 to 16 years (mean age: 13.5 ± 0.69 years) which have not taken part in the fMRI study. No adjectives shorter than 4 letters and longer than 12 letters (mean length of adjectives: 7.83 ± 1.83 letters) were selected.
After a training session performed outside the scanner to familiarize the participants with the task, the encoding phase took place and consisted of two runs (7 minutes each) with presentation of 72 stimuli (24 by condition) and the associated cue word informing of the condition to appear (Self, Other or Semantic). Each adjective was presented for 3.5 seconds, followed by a fixation cross jittered between 1 and 3 seconds (see Figure 1 ).
After the encoding phase, an unannounced recognition task took place, including two runs (8 minutes each) with presentation of 54 adjectives (18 by condition) of the encoding phase and 30 new adjectives (Distractors). Participants had to indicate if the presented adjective had already been seen during the encoding phase or not (i.e., recognition task).
Adjectives were presented for 3.5 seconds, followed by a fixation cross jittered between 1 to 3 seconds (see Figure 1 ). Of note, "old" adjectives of the first recognition run were seen during the first encoding run, while adjectives of the second encoding run were presented during the second recognition run.
Trait adjectives were presented visually using E-Prime (Psychology Software Tools, Pittsburgh, PA) implemented in IFIS System Manager (Invivo, Orlando, FL). Lists of adjectives displayed for each condition and the yes/no answers on the keyboard were counterbalanced across participants and for each participant, valence of trait adjectives was counterbalanced across conditions (i.e., Self, Other, Semantic and Distractor).
Post-scanning session: source retrieval test
After the scanning session, participants performed an unannounced source retrieval test outside the scanner. Each adjective correctly recognized during the recognition phase was presented again to the participant who had to indicate under which condition the adjective had been judged during the encoding phase. Participant answered by pressing one of five buttons corresponding to "Myself", "N. Sarkozy", "J. Hallyday", "Positive?" and "I don't know". Because of a technical problem, one participant did not perform the post-scanning session. A limit of our study may be in the use of two celebrities which may increase task difficulty during the source retrieval test at debriefing (i.e., post-scanning, outside scanner).
Yet, this is a secondary issue of our study, as our main interest resides in the cerebral substrates of encoding and recognition in the scanner.
MRI acquisition
Imaging data were collected using an 8 channel head coil on a Philips Achieva 3.0 T MRI scanner (Eindhoven, the Netherlands) through two scanning sessions. During the first acquisition session (anatomical session), a high resolution T1-weighted anatomic image was acquired using a three-dimensional fast field echo sequence (3D-T1-FFE sagittal; repetition time (TR): 20 ms; echo time (TE): 4.6 ms; flip angle: 10°; 180 slices; slice thickness: 1 mm; no gap; matrix: 256 × 256; field of view (FoV): 256 × 256 mm 2 ; in-plane resolution: 1 x 1 mm 2 ), followed by a high-resolution T2-weighted spin echo anatomical acquisition (2D-T2-SE sagittal; TR: 5500 ms; TE: 80 ms; flip angle: 90°; 81 slices; slice thickness: 2 mm; matrix: 256 × 256; FoV: 256 × 256 mm 2 ; in-plane resolution: 1 × 1 mm 2 ) and a non-Echo-Planar Imaging (non-EPI) T2-star volume (2D-T2*-FFE axial; TR: 3509 ms; TE: 30 ms; flip angle: 90°; 70 slices; slice thickness: 2 mm; matrix: 128 × 128; FoV: 224 × 224 mm 2 ; in-plane resolution: 2 × 2 mm 2 ). In the second acquisition session (functional session), a non-EPI T2* image was acquiredsimilar to the anatomical session. Then, functional data were acquired with an interleaved two-dimensional T2* SENSitivity Encoding (SENSE) EPI sequence designed to reduce geometrical distortions and magnetic susceptibility artefacts (2D-T2*-FFE-EPI axial, SENSE factor: 2; TR: 2382 ms; TE: 30 ms; flip angle: 80°; 42 slices; slice thickness: 2.8 mm; no gap; matrix: 80 × 80; FoV: 224 × 224 mm²; in-plane resolution: 2.8 × 2.8 mm²; 172 and 199 volumes per run for encoding and recognition phases respectively). In total, four functional runs were acquired per participant: two for the encoding task and two for the recognition task.
Behavioural analysis
Behavioural data were analyzed using Statistica (Statsoft, Tulsa, OK). Response times were collected during encoding and recognition phases. To study self-reference processing, we performed a repeated measures ANOVA with conditions (Self x Other x Semantic) as within-subject factor on response times during encoding. Then, to explore the relation between age and self-related processes, we performed correlation analyses, between age and response times.To evaluate the self-reference effect, repeated measures ANOVAs with conditions (Self x Other x Semantic) and subjects' answers (recognized x non-recognized) as within-subject factors were conducted on response times during the encoding and recognition phases. Memory performances scores (Hits/(Hits+Misses) × 100) were calculated for each encoding condition (Self, Semantic and Other) for both recognition and source retrieval tests.
Firstly, memory performances for each condition were compared to random level (i.e., 50% for recognition and 20% for source retrieval) using t-tests. Then, repeated measures ANOVAs with conditions (Self x Other x Semantic) as within-subject factor were conducted on recognition and source retrieval performances.When ANOVAs revealed significant effects, post-hoc pairwise comparisons were performed using Fisher's LSD test. Finally, to explore behavioural changes on theself-reference effect through adolescence, we performed correlation analyses, between age and response times during encoding and recognition phases, as well as between age and memory performance during recognition and source retrieval tests.
fMRI analysis: Pre-processing and statistical analysis
Data pre-processing and statistical analysis were performed with SPM5 (Wellcome Trust Centre for Neuroimaging, London, UK). During pre-processing steps, after checking EPI data for the lack of artefact and discarding the six first EPI volume of each run to allow signal stabilization, images of each run were corrected for slice timing and realigned to the first volume of the corresponding run. Then, coregistration was carried out as followed: first, the mean EPI image (calculated during realignment) was coregistred onto the non-EPI T2* volume of the functional session. Second, the non-EPI T2* volume of the functional session was coregistred onto the anatomical one. Third, the T2 image was coregistred on to the non-EPI T2* volume of the anatomical session. Fourthly, the T1 volume was coregistered onto the T2 image. Geometric EPI distortions were corrected by warping the mean EPI image to roughly match the non-EPI T2* volume using the methodology developed and validated by Villain et al. (2010) . The T1 image was then segmented and normalized to an age-appropriate stereotactic template (NIHPD 13-18.5: http://www.bic.mni.mcgill.ca/ServicesAtlases/NIHPD-obj1, Fonov et al., 2011) and resulting normalization parameters were applied to the coregistred T1, EPI and non-EPI T2* volumes with a voxel size of 2 x 2 x 2 mm. Finally, the normalized EPI images were smoothed at 8 mm full width at half maximum (FWHM). Additionally, an individual grey matter (GM) mask was created for each participant by conjunction of two binary images: the GM segments from the T1 volumes including only voxels with values greater than 0.15 and the non EPI-T2* volume including only voxels with values greater than 0.05. This individual GM mask was used as an explicit mask during first level analysis.
For first level analyses, two general linear models, one for the encoding phase and one for the recognition phase, were applied to each participant and brain responses were modeled at each voxel. Based on the subject's answers during the recognition session, recognized and non-recognized items of each condition (Self, Other and Semantic) were identified (see Appendix 1 for the number of trials and non-responses for each condition). Both encoding and recognition models included six experimental conditions of interest (Self recognized, Selfnon-recognized, Other recognized, Other non-recognized, Semantic recognized and Semantic non-recognized) and one condition of non-interest corresponding to nonresponses.In addition, Self, Other and Semantic items seen during encoding, but not seen again at recognition, were added as three conditions of interest in the encoding model, whereas distractors correctly rejected and false alarms were included as two conditions of non-interest in the recognition model. All conditions were modelled fromitem onset to subjects' response times. Moreover, valence for each itemand movement parameters were modelledas regressors.
To studyself-reference processing at encoding, the main effects of Self, Other and Semantic conditions (independently from the recognition of the items and including non-seen again items) were assessed for each participant for the encoding model. Then, these three contrasts were entered in a flexible factorial designwith two factors at the second level withconditions (Self, Other and Semantic) as within-subject factor and subjects as random factor.To evaluate the self-reference effect at encoding and recognition, six contrasts corresponding to Self recognized, Self non-recognized, Other recognized, Other nonrecognized, Semantic recognized and Semantic non-recognized were created for each participant forboth encoding and recognition models and were entered in two flexible factorial designs (one for encoding and one for recognition) with three factorsat the second level with conditions (Self, Other, Semantic) and subjects' answers (recognized, nonrecognized) as within-subject factors and subjects as random factor.
For all second level analyses, brain activity was examined for the Self and Other conditions in two steps: First, we contrasted the Self and Other conditions with the Semantic condition (Self > Semantic and Other > Semantic) to assess Self and Other activation networks.To explore whether Self and Other shared a common activation network, we conducted conjunction analyses between Self > Semantic and Other > Semantic contrasts.
Second, we directly compared Self and Other conditions (Self >Other and Other > Self) to determine which regions are more engaged during Self than Other condition and inversely.
Note that for the self-reference effect, we considered only recognized items at encoding (to evaluate successful encoding) and at recognition (to examine successful recognition), for each contrast (Self Recognized > Semantic Recognized, Other Recognized > Semantic Recognized, Self Recognized> Other Recognized and Other Recognized > Self Recognized).Group effects were masked using a GM mask based on the mean normalized GM maps from the T1 images of all participants. Resulting statistical maps were thresholded at an uncorrected voxel-level p value of 0.001 corrected for multiple comparisons at p<.05 using an extent threshold of 93 voxels for self-reference processing, 91 voxels for selfreference effect at encoding and 80 voxels self-reference effect at recognition. These extent thresholds have been determined using Monte Carlo simulations via the AFNI (Analysis of Functional NeuroImages software; Cox, 1996) tool 3dClustSim applied to each flexible factorial design. Coordinates are reported in the MNI stereotaxic space.
To examine brain activity changes during self-reference processing and self-reference effect through adolescence, we performed correlations between age and neural activity in clusters obtained from the direct comparison of Self and Other. To this aim, we extracted for each participant the parameter estimates of the canonical hemodynamic response function within these clusters for the linear combination of the contrast of interest (Self > Other for self-reference processing and Self Recognized > Other Recognized for the self-reference effect). Then, we conducted correlations between age and parameter estimates.
Results
Behavioural results
Self-reference processing.
During the encoding phase, analyses revealed a significant main effect of condition on response times (F(2,58) = 18.21, p < .001; Figure 2 ) with longer response times for the judgment of trait adjectives in the Other than the Self and Semantic conditions (p < .001).
Response times during Self and Semantic conditions were not significantly different (p = .45). Correlation analyses between age and response times showed no significant result.
Self-reference effect.
During the encoding phase, analyses on response times revealed a significant main effect of condition (F(2,58) = 20.00, p < .001), no significant main effect of subjects' answers (F(1,29) = .02, p = .89) and a significant interaction between condition and subjects' answers (F(2,58) = 3.67, p = .03). Response times were shorter for encoding of subsequent correct recognition of Self and Semantic than Other adjectives (Self vs. Other: p < .001, Semantic vs. Other:p < .001). Response times for encoding of subsequent correct recognition Self and Semantic adjectives were not significantly different (p = .12).During the recognition phase, analyses on response times (Figure 2 ) revealedno significant main effect of condition (F(2,58) = .62, p = .54), a significant main effect of subjects' answers (F(1,29) = 56.66, p < .001) and a significant interaction between condition and subjects' answers (F(2,58) = 8.60, p < .001).Response times were shorter for Self recognized and Semantic recognizedthan Other recognized adjectives (Self vs. Other: p = .003, Semantic vs.
Other:p = .01). Response times forSelf recognized and Semantic recognized adjectives were not significantly different (p = .63). In addition, correlation analyses between age and response times showed no significant results during the encoding and recognition phases.
Memory performances for J. Hallyday and N. Sarkozy were not significantly different during the recognition phase (t(29) = 1.56, p = .13) and during the source retrieval test (t(28) = -.45, p = .65). In addition, memory performances for J. Hallydayand N. Sarkozy were higher than the random level during both the recognition phase (random level = 50%, J.
Hallyday: t(29) = 4.28, p < .001; N. Sarkozy: t(29) = 2.85, p = .008) and thesource retrieval test(random level = 20%, J. Hallyday: t(28) = 6.64, p < .001; N. Sarkozy: t(28) = 5.26, p < .001). Thus, responses for N. Sarkozy and J. Hallyday were collapsed in the Other condition.
During the recognition phase, memory performances of each condition were higher than the random level (i.e. 50%, Self: t(29) = 13.15, p < .001; Other: t(29) = 4.65, p < .001;
Semantic: t(29) = 11.09, p < .001). We observed a significant main effect of condition (F(2, 58) = 18.16, p < .001; see Figure 3 ). Specifically, participants were better at recognizing adjectives pertaining to the Self than to the Other (p < .001) or to the Semantic condition (p = .033). Hence, our results show a significant self-reference effect on memory. Finally, recognition performances were greater for the Semantic than the Other condition (p < .001).
In addition, correlation analyses between age and recognition performance showed no significant result.
During thesource retrieval test, memory performances in each condition were higher than random level (i.e. 20%, Self: t(28) = 13.59, p < .001; Other: t(28) = 7.10, p < .001 Semantic: t(28) = 9.07, p < .001). Analyses revealed a significant main effect of condition on memory performances (F(2,56) = 18.30, p < .001) with better memory performances for the Self than the Other (p < .001) and Semantic (p = .027) conditions. This shows a source retrieval improvement for adjectives pertaining to the Self (Figure 3 ). As previously, memory performances were lowest for the Other condition (Other versus Semantic: p < .001).
Furthermore, correlation analyses between age and source retrieval memory showed no significant result.
fMRI results
The first goal of this study was to determine which brain regions are specifically involved in self-reference processing. Hence, we examined common and specific activation networks recruited during self-reference processing and appraisal of Others.
Contrasting the Self to the Semantic condition and the Other to the Semantic condition revealed a large common activation network (Table 1, Figure 4 , Appendix 2A), including thePCC extending into theprecuneus, the bilateral dorsal mPFC, left superior frontal and angular gyri, as well as the left insula.Additionally, the Other condition recruited the bilateral middle temporal pole, right angular gyrus and right insula.
Contrasting Self and Other conditions revealed differences in the activation pattern (Table 1, Figure 5A ). The Self condition showed greater activity within inferior occipital gyrus, rostral ACC and the left superior parietal lobule, compared to the Other condition. On the contrary, the Other condition revealed greater activation within middle temporal pole, PCC extending into precuneus, medial orbital PFC, right inferior frontal gyrus as well as right angular gyrus, left parahippocampalgyrus and left dorsal mPFC compared to the Self condition.
Correlations between age and neural activity during self-reference processing (clusters from the contrast Self > Other) revealed a significant effect only in the rostral ACC cluster ([-2 44 2], t value = 4.35, k = 303) andshowed a linear increase in activity within the rostral ACC cluster for the Self compared to the Other condition (i.e., Self > Other) which was positively correlated with age (r = .37, p = .04; see Figure 5B ). We performed further analyses to examine how rostral ACC was involved in appraisal of Self and Other through adolescence. To address this issue, we extracted for each participant the parameter estimates of the canonical hemodynamic response function within the rostral ACC cluster for each condition of interest (i.e., Self and Other), and performed correlations between age and parameter estimates. Results showed thatrostral ACC activation was significantly and negatively correlated with age only for the Other condition (Other: r = -.38, p = .03; Self: r = -.14, not significant; see Figure 5C ).Steiger's test (Steiger, 1980; see also Howell, 2009 ),which testfor the difference between two dependent correlation coefficients, has been used andshowed that these two correlations were significantly different from each other (t (27) = 1.74, p = .047).This suggests that rostral ACC is recruited in the same way during selfreference processing and appraisal of Others in younger adolescents, but then becomes specific to self-reference processing in older adolescents.
Self-reference effect.
Encoding phase.Contrasting the Self to the Semantic and the Other to the Semantic conditions for adjectives that will be correctly recognized during the subsequent recognition phase (successful encoding) revealed a common network of activation (Table 2, Figure 6A , Appendix 2B), including the mPFC, the PCC extending into the precuneus, left angular gyrus, bilateral inferior frontal gyri and right middle temporal gyrus. Successful encodingof Self-referential adjectives activated the rostral ACC, whereas successful encoding of Otherreferential adjectives activated the left middle temporal pole. Hence, while successful encodingof Self-and Other-referential adjectives involved a common network compared to the Semantic condition, directly contrasting Self and Other revealed activation differences in specific brain regions (Table 2, Figure 6B ). Successful encoding of Self-referential adjectives recruited the rostral ACC, right inferior and superior occipital gyri, precuneus andright inferior parietal lobule. Conversely, the successful encoding of Other-referential adjectives involved the bilateral middle temporal pole, medial orbital PFC, right PCC and left fusiform gyrus compared to the Self condition.
Correlation analyses between age and neural activity during the self-reference effectat encoding (i.e., clusters for the contrast Self Recognized > Other Recognized) showed no significant result.
Recognition phase.
During the recognition phase, we did not observe brain activation changes relative to the successful recognition of Self-referential adjectives, neither when the Self condition was contrasted with the Semantic nor with the Other condition (Tables 3, Figure 6 A and B ). However, we observe brain activation associated with successful recognition of Other-referential adjectives in the two contrasts (Other recognized > Semantic Recognized and Other recognized > Self Recognized). Successful recognition of Otherreferential adjectives activated the dorsal mPFC when compared to successful recognition in the Semantic condition (Table 3, Figure 7A ) and the left inferior frontal gyrusand medial orbital PFC when compared to successful recognition of Self-referential adjectives (Table 3, Figure 7B ).
Discussion
The purpose of this study was to investigate self-reference processing and its interaction with memory (self-reference effect) during both encoding and retrieval of trait adjectives in healthy adolescents. First, we showed that the rostral ACC was more recruited during appraisal of Self (self-reference processing) than Others and that this hyperactivation increased through adolescence. Second, self-referencing enhancement for both recognition and source retrieval performances. Finally, the self-reference effect seems to be a consequence of better encoding of the information, rather than processes taking place during recognition.
Self-reference processing in adolescence
The first aim of our study was to investigate common and specific neural structures involved in self-reference processing and appraisal of Others in healthy adolescents. We observed that appraisal of Self (self-reference processing) and Others involved a common network of CMS regions including mPFC, PCC and precuneus that is consistent with findings in adults (Araujo et al., 2013; Benoit et al., 2010; . These regions seem implicated more generally in the evaluation and judgment of personality traits than specifically in self-reference processing; and appraisal of Self and Others involve, at least partially, the same processes. The mPFC, the PCC and the precuneus have been previously implicated in Self processing (Brewer et al., 2013; Northoff &Bermpohl, 2004; Northoff et al., 2006; Saxe et al., 2006) and social cognition (Amodio &Frith, 2006; Brewer et al., 2013; Saxe et al., 2006) . Thus, making a judgment on another person may require the same cognitive processes as making a judgment of oneself. This is consistent with the "simulation" theories of social cognition which propose that we can use knowledge about one's person to infer the mental states of others (Keysers &Gazzola, 2007; Mitchell et al., 2006 Mitchell et al., , 2005 .
Though recruiting common brain regions of CMS, appraisals of Self (self-reference processing) and Others activated distinctive regions. During self-reference processing, adolescents recruited specifically the rostral ACC, a region proposed to be at the core of the concept of Self (Martinelli et al., 2013; Murray et al., 2012; Pfeifer, Kahn et al., 2013; Schneider et al., 2012) .The rostral ACC, which is part of the PFC, undergoes structural and functional changes during adolescence (Blakemore, 2012 (Blakemore, , 2008 Casey et al., 2005 Casey et al., , 2000 that might be related to self-development (Pfeifer &Peake, 2012; Sebastian et al., 2008) . Our results showed that rostral ACC hyperactivation during appraisal of Self (self-reference processing) compared to Others increased linearly through adolescence. This result based on cross-sectional comparisons in adolescents aged 13-18 years old complements those of the longitudinal study by Pfeifer, Kahn, et al. (2013) which showed that activation in the ventromedial PFC increased between 10 and 13 years old. We showed that the increasing recruitment of rostral ACC in self-reference processing continues in adolescents older than 13 years old. In addition, this increasing difference in rostral ACC activity between appraisal of Self (self-reference processing) and Others was underlined by the progressive disengagement of the rostral ACC response for appraisal of Others through adolescence. Together, these results may suggest that rostral ACC becomes more specific to self-reference processing through adolescence. Pfeifer and Peake (2012) proposed that there may be more overlap between Self and Others during childhood and predict that longitudinal changes in brain regions recruited during self-reference processing may be related to the development of the Self, consistent with our results. Thus, we suppose that the specialization of the rostral ACC response for self-reference processing through adolescence could be related to the development of the Self.
We showed that appraisal of Others was associated with greater activation in the PCC, the temporal pole and the right dorsal mPFC, regions of the social cognition network in adults and adolescents (Blakemore, 2008; Burnett et al., 2011; Mitchell et al., 2005 Mitchell et al., , 2004 .
Adopting the perspective of the Other (third-person perspective) has been associated with activation in the PCC (Brewer et al., 2013; Jackson et al., 2006; Ruby &Decety, 2004) and the dorsal mPFC (Mitchell et al., 2006 (Mitchell et al., , 2005 (Mitchell et al., , 2004 Ruby &Decety, 2003) . The temporal pole has been involved in access to social knowledge and retrieval of semantic memory (Frith and Frith, 2003; Olson et al., 2007) . This suggests that appraisal of Others implies taking a thirdperson perspective and memory retrieval of social knowledge. Our result is consistent with those of Pfeifer, Kahn, et al. (2013) in younger adolescents (aged between 10 and 13 years old) showing PCC and dorsal mPFC activations during appraisal of a fictional Other (i.e., Harry Potter). Interestingly, we observed in adolescents that dorsal mPFC activation was more associated with appraisal of Others than with appraisal of Self, unlike Pfeifer et al. (2007) in children (aged between 9 and 10 years old) showing that dorsal mPFC was recruited during both appraisals. Together, these observations provide support for their hypothesis that the dorsal mPFC may increasingly specialize from late childhood to adulthood with the development of social cognition.
Self-reference effect in adolescence
Our second aim was to examine theself-reference effect and its neural correlates during encoding and recognition to determine at which phase (i.e. encoding or recognition) the Self may have a beneficial effect on memory. First, we observed that self-referencing enhances both recognition and source retrieval performances, confirming the presence of the self-reference effect in adolescents. In other words, adolescents showed better memory performances during recognition and source recollection tests for items self-referentially encoded compared to those encoded under the Semantic and Other conditions. This result is consistent with the child (Cunningham et al., 2013; Ray et al., 2009 ) and adult literatures (Serbun et al., 2011) .
Unexpectedly, memory performance for personality trait adjectives encoded under the Semantic condition was higher than for the Other condition. Studies on the self-reference effect find thatgenerally memory performance is highest for Self, intermediate for Other and lowest for Semantic conditions (Benoit et al., 2010; Pauly et al., 2012 ). Yet, the low degree of intimacy between the participants and celebrities used in the Other condition and the emotional aspect of our Semantic task could explain the present results.
Second, our results suggest that the self-reference effect is associated with more brain activation changes during encoding than recognition phases, suggesting that the Self may have a beneficial effect on memory during the encoding of the self-referential information.
This result is consistent with results by Morel et al. (2014) in young adults showing that successful encoding of self-referential adjectives recruited specifically the ACC and the precuneus. As we previously showed, rostral ACC was associated with self-reference processing and is a core region of the concept of Self (Araujo et al., 2013; Martinelli et al., 2013; Northoff et al., 2011) . However, precuneus activation was observed only for successful encoding of self-referential adjectives (not during the self-reference processing), suggesting that the self-reference effect may be subtended by the additional recruitment of the precuneus during encoding. The precuneus has been involved in episodic memory retrieval (Sajonz et al., 2010; for review, Cavanna &Trimble, 2006) , in particular in episodic autobiographical memories (Viard et al., 2010 (Viard et al., , 2007 for review, Cabeza &St Jacques, 2007) . Thus, recollection of episodic autobiographical memories during self-reference processing may enhance encoding of self-referential information and lead to the self-reference effect.Successful recognition of Self-referential adjectives was not associated with significant greater activation in any brain regions compared to Semantic and to Other conditions, while successful recognition of Other-referential adjectives activated preferentiallythe dorsal mPFC. The dorsal mPFC has been associated with decision making processes (van der Meer et al., 2010) , making judgments about the external world (Denny et al., 2012) and processes used for selecting higher level social and affective meanings (Olsson &Ochsner, 2008) . The dorsal mPFC activation observed during successful recognition of Other-referential items could be associated with decision making processes in the social domain. Recognition of selfreferential information seems to be a more automatic process than recognition of Otherreferential information that may require an additional decision making process. Consistent to this suggestion, we observed that response times were shorter for the recognition of selfreferential information than for the recognition of other-referential information. In addition, regarding encoding and recognition, we observe that the self-reference effect is essentially subtended by enhancement of encoding, whereas successful memorization of other-referential information requires both encoding and recognition.
Contrary to our hypothesis that theself-reference effect would continue to increase through adolescence, we found no correlation between this effect and age. In addition, we observed no functional change in brain regions recruited during the self-reference effect through adolescence. This could suggest that this effect undergoes no change during adolescence.
Indeed, some authors propose that adolescents demonstrate aself-reference effect similar to adults (Halpin et al., 1984; Ray et al., 2009) .
Methodological considerations and future directions
The present study is consistent with the proposal that brain changes during adolescence are associated with the refining of cognitive processes (Casey et al., 2005 (Casey et al., , 2000 , in particular the shaping of one's sense of Self and identity (Sebastian et al., 2008) . Here, we showed that the specialization of the rostral ACC response for self-reference processing through adolescence may be related to the development of the Self. Further research on selfreference processing using other measures of self-development (e.g., self-esteem or selfdescriptiveness changes with age) may be helpful to validate and better understand the relation between specialization of the rostral ACC response for self-reference processing and the development of the Self throughadolescence.In addition, nothing allows us to conclude at which age the specialization ends. Future longitudinal investigations are needed to validate the present results and to clarify the trajectory of brain changes underlying the development of the Self from childhood to adulthood. Some neuroimaging studies of Self processing in adults show that self-descriptiveness of stimuli modulates mPFC and ACC responses during self-reference tasks (Moran et al., 2009 Zhu et al., 2012) . During adolescence, these regions still undergo functional and structural changes (Mills, Lalonde et al., 2014; Blakemore, 2012; Casey et al., 2005 Casey et al., , 2000 Pfeifer &Peake, 2012; Sebastian et al., 2008) . Further research should focus on disentangling the specific contribution of self-descriptiveness and development of PFC and ACC during self-reference tasks in adolescents.
Conclusion
Here, we show, first, the central role played by the rostral ACC in self-reference processing which was more recruited during appraisal of Self (self-reference processing) than Others and which increases in activity through adolescence. This specialization may be related to the development of a stable sense of Self and one's personal identity during this life period. Second, self-referencing enhances both recognition and source retrieval performances, confirming the self-reference effect in adolescents. Finally, and to the best of our knowledge, this study is the first to explore brain substrates of the self-reference effect during both encoding and retrieval in adolescents. We observe that this effect is associated with more brain activation changes during encoding, suggesting that the beneficial effect of Self on memory may occur at encoding of the self-referential information, rather than at retrieval. Furthermore, the self-reference effect is associated with additional recruitment of the precuneus during encoding, suggesting that recollection of episodic autobiographical memories during Self-judgment may enhance encoding of self-referential information and lead to the self-reference effect. Wechsler, D. (2005) . Wechsler Individual Achievement Test 2nd Edition (WIAT II).
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Regions showing activation during appraisal of Self and Others, illustrating the self-reference processing, specifying for each peak the side, Brodmann area(s) (BA), MNI coordinates (x y z), cluster size (k), and t values at an uncorrected voxel-wise threshold of p <0.001. Results are corrected for multiple comparisons at the cluster-level at p <0.05 (corresponding to an extent threshold of 93 voxels, as calculated with the 3dClustSim tool). * Peaks surviving a FWE-corrected voxel-wise threshold of p <0.05.
Region
Side Abbreviations: PCC = posterior cingulate cortex; mPFC = medial prefrontal cortex; ACC = anterior cingulate cortex; PFC = prefrontal cortex. Table 3 Self-reference effect during recognition phase
Regions showing activation during the successful recognition of Self-and Other-referential adjectives, illustrating the self-reference effect, specifying for each peak the side, Brodmann area(s) (BA), MNI coordinates (x y z), cluster size (k), and t values at an uncorrectedvoxelwise threshold of p < .001. Results are corrected for multiple comparisons at the cluster-level at p < .05 (corresponding to an extent threshold of 93 voxels, as calculated with the 3dClustSim tool). * Peaks surviving a FWE-corrected voxel-wise threshold of p < .05. Abbreviations:mPFC = medial prefrontal cortex. appraisal of Others (yellow) than during Semantic condition. Self-reference processing and appraisal of others involved a common brain network (green). Uncorrected p = .001, k ≥ 75 voxels. Successful encoding of Self-referential and Other-referential adjectives involved a common brain network (green). (B)Regions yielding greater activation during successful encoding of Self-referential than Other-referential adjectives (cyan), and during successful encoding of Other-referential than Self-referential adjectives (orange). Same threshold as figure 4. Successful recognition of Self-referential and other-referential adjectives did not involve a common brain network (green). (B.) Regions yielding greater activation during successful recognition of Self-referential than Other-referential adjectives (cyan), and during successful recognition of Other-referential than Self-referential adjectives (orange). Same threshold as figure 4.
